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1. Intnxluction
riicic has b een  c o n s id e r a b le  in terest in th e p ro p a g a tio n  o f  
: iiiii.isoiiic w a v es  in w o o d  [ 1J both  as a m ea n s  o f  in v estig a tin g  
I 1k‘ strength o f  the w o o d  and as a p oten tia l m eth od  o f  a s se ss in g  
vwHid quality  o f  trees in .situ. T h e  a n iso trop y  o f  w o o d  is 
evident and the m o s t  c o m m o n  th e o r e t ic a l m o d e l u sed  fm* 
uliKisumc p ro p a g a tio n  is  that o f  a lo s s le s s  (h o m o g e n e o u s )  
hiotropic so l id  [2 ] . S u c h  m a te r ia ls  req u ire  o n ly  9  c la s t ic  
I *msiants fu lly  to  d eterm in e  the st iffn ess  m atrix. In g e n e r a l three  
^es can h e g en era ted  in a g iv e n  d irec tio n  o f  p rop agation , 
'dung the p rin cip a l a x e s  in orth rotrop ic  so lid s , th ese  arc pure 
niudes -  one lo n g itu d in a l and tw o  tran sverse  (w ith  m u tu ally  
ivrpcndicular p o la r iza tio n s). In d ir e c t io n s  oth er than a lo n g  the 
! Pnik ipal axes the m o d e s  are in general not pure “  the polarization  
not exactly  a lig n e d  w ith  or p erp en d icu la r  to  the d irec tio n  o f  
I P’<H^4gation -  a n d  arc c a lle d  q u a s i- lo n g itu d in a l  or q u a s i-  
'Dnsverse w a v e s . It ap p ears that c o n v e r s io n  o f  w a v e s  b e tw een  
1 can o ccu r  a s th ey  p rop agate  o f f  a x is  [3 j.
I ccent ex ten d ed  se t o f  m ea su rem en ts o f  u ltrason ic v e lo c ity  
'^fifiaiicnuation in the freq u en cy  ran ge 100  k H z  to  1.5 M H z [ 4 -  
’^1 '^^caied that e v e n  su ch  bu lk  w a v e  m ea su rem en ts are a ffec ted  
different le v e ls  o f  in h o m o g e n e ity  in the w o o d . W h ile  
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the.se occu r  w ith  d im en sio n a l .scales ranging from  m icrons to cm
(7], the m ost o b v io u s is that o f  the annular grow th  n n g  siruclurc. 
C o n sid er in g  th is as a structure w h o se  e la s tic  properlics vary 
p er io d ica lly , it m igh t he e x p e c te d  that it w o u ld  ex h ib it pass  
bands and stop-band.s in the d isp ers io n  cu rv es . T he prcscn l 
c o m m u n ica tio n  p resen ts a b r ie f  n u m erica l d isc u ss io n  o f  the 
p o ss ib ility  o f  the e x is te n c e  o f  su ch  bands in practice , togeth er  
w ith  prelim in ary  e v id e n c e  o f  the e x is te n c e  o f  a stop  band.
2 . T h e o r e tic a l c o n s id e r a t io n s
T h e  b a sic  a n a ly s is  o f  c la s t ic  w a v e  p ro p a g a tio n  in p er io d ic  
structures is w e ll k n o w n  i f  not e lem en ta ry  [8]. T he a p p lica tion  
o f  th is theory to w o o d  is co m p lica te d  by severa l factors. Firstly, 
w o(x l is an im m en se ly  variable m aterial 14]: tw o  sp ec im en s from  
the sa m e  tree m ay  h a v e  d if fe r in g  p ro p erties . S e c o n d ly , the  
environm ental history o f  the tree is the prim ary laclo i determ ining  
the properties and (e s p e c ia lly )  the g eo m etry  and regularity o f  
the annular ring structure : it m ay vary e v en  from  o n e sid e o f  a 
tree to the other i f  " reaction” w o o d  is p rcscn l [9 ]. T hird ly, rather 
than ex h ib itin g  d iscre te  h ands o f  d iffer in g  e la s tic  p rop erlics, 
the p rop erties tend to vary in a co n tin u o u s  fa sh io n . F’ourlhly, 
the d eterm in ation  o f  the re lev a n t c la s t ic  p rop erties (d en s ity  and 
c la stic  m o d u lu s) o f  the r in gs a ctu a lly  c o m p r is in g  a particular  
sp ec im en  is  presen tly  im practica l. W h ile  the d en sity  d istribution  
m a y  b e  o b ta in e d  b y  X -r a y  d e n s ito m e tr y , n o  s a t is fa c to r y
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tech n iq u e  cu rren tly  e x is t s  lo r  m ea su r in g  the varia tion  o f  the  
lo n g itu d in a l w a v e  v e lo c ity  a lo n g  the radial a x is  o f  the w o o d
T w o  further fa c to rs  m ay  c o n fo u n d  an ex p er im en ta l sea rch  
for  the e x is t e n c e  o f  u ltr a so n ic  s to p -b a n d s  and  p a s s -b a n d s .  
F irstly  the r ing  stru ctu re is , at b est, o n ly  q u a s i-p c r io d ic , and  
se c o n d ly  e x p e r im e n ts  can  o n ly  be m ad e on  s p e c im e n s  w ith  a 
fin ite num ber o f  p er io d s o f  variation  rather than the in fin ite  array 
a ssu m e d  by the theory . P r e v io u s  s tu d ie s  h a v e  sh o w n  that the  
a tte n u a tio n  o f  lo n g itu d in a l w a v e s  a lo n g  th e  ra d ia l a x is  is  
c o n s id e r a b ly  h ig h er  than a lo n g  the lo n g itu d in a l and ta n g en tia l 
a x e s  o f  the tim b er  15 , 6|. W h ile  th is i t s e lf  is  stro n g  e v id e n c e  for  
th e  in f lu e n c e  o f  tlie  a n n u la r  l i n g  s tr u c tu r e  o n  u lt r a s o n ic  
p ro p a g a tio n , it m e a n s  that th e fin ite  n u m b er o f  p e r io d s  that can  
be u sed  in an ex p er im en ta l sp e c im e n  is lim ited  to a m a x im u m  o f  
the order o f  10. I f  the r in g s w ere  e x a c t ly  p e r io d ic , e v e n  th is  
co u ld  be en o u g h  for sto p -b a n d s to be o b serv ed  | lO f It is p o ss ib le  
in p r in c ip le , to  u se  lo w e r  fr e q u e n c ie s  (w h ere  the a tten u a tio n  is  
lo w e r ) to  b e ab le  to  traverse  a larger n u m b er o f  r in gs, but at su ch  
fr e q u e n c ie s , the w id th  o f  th e  r in g s  b e c o m e s  very  m u ch  le s s  
than the w a v e le n g th  o f  the u ltra so u n d  b e in g  u sed .
In order to  g a in  so m e  n u m erica l in s ig h t in to  the p o ten tia l 
e x i s t e n c e  o f  s t o p -b a n d s  a n d  p a s s -b a n d s  in  w o o d ,  it w a s  
a ssu m ed  that e a c h  an n u a l ring w a s id e n tif ie d  and c o n s is te d  o f  
a layer o f  early  w o o d  and  a th inner layer o f  (d en ser ) late w o o d . A  
se t o f  ty p ica l v a lu e s  for  th e  d im e n s io n s  and e la s t ic  param eters  
for h a rd w o o d  and  fo r  s o f tw o o d  is  g iv e n  in T ab le  I. T h e  la y er  
th ic k n e s se s  and  ty p ica l d e n s ity  v a r ia t io n s  w ere  tak en  from  X -  
ray d e n s ito m e tr y  s c a n s  an d  from  the literature. T h e  v a lu es  for  
the v e lo c ity  v a r ia tio n s  w ere  harder to  e s t im a te . T h ere  ap p ears  
to  b e n o  d ir e c t ly  re le v a n t d ata  a v a ila b le , d u e  to  the d if f ic u lty  o f  
m e a su r in g  it. D a ta  is  a v a ila b le  o n  th e v e lo c ity  v aria tion  in the  
ea r ly  w o o d  and la te  w o o d  for lo n g itu d in a l w a v e s  p ro p a g a tin g  
in the ta n g en tia l d ir e c t io n  [6]. T h e  s t if f n e s s  o f  w o o d  in the  
ta n g en tia l d ir e c t io n  is  co m p a r a b le  to  that in the rad ial d irec t io n  
1111, s o  that a s  a  first a p p r o x im a tio n , it is r e a so n a b le  to  a ssu m e  
that the v e lo c ity  va ria tio n  b e tw e e n  th e ear ly  w o o d  and late w o o d  
in th e rad ia l d ir e c t io n  is  th e  sa m e  in  ratio  term s as that in  the  
ta n g en tia l d irec t io n .
Table 1. Typical values of the diiiien.sions and mechanical parameters of 
ea rly  w o o d  and  lute w o tx l r in g s in so ftw o o d  and  h a rd w o o d .
b a n d s c a lc u la te d . It is  c le a r  that th e  w id e r  sp acin u  ui n, 
s o f t w o o d  r in g s  an d  th e  g r e a te r  d i f f e r e n c e s  in ihc eLivi-
P a r a m e te r H a rd w o o d  
(R in g  P o ro u s )
S o ftw o o d
E arly  w o o d  th icknc .ss 0..5 in m 4 .5  m m
E a rly  w o o d  v e lo c ity 2 0 0 0  m /s 18 0 0  in /s
E a rly  w o o d  d e n s ity 4 0 0  k g /m ' 3 0 0  k g /m '
L a te  w o o d  th ic k n e s s 0 .5  in m 0 .8  m m
L a te  w o o d  v e lo c ity 2 2 0 0  in /s 2 4 0 0  m /s
L a te  w o o d  d e n s ity 7 0 0  k g /n f 7 0 0  k g /m '
Figure 1. Calculations of the slop-bands foi ultiasonic waves usm • 
data of Tabic 1 for A) hardwood and U) sol I wood
Table 2. Stop-bands calculated for A) softwood, and B) haidvsn»i
From the data in Table 1 , it is possible to predict the pass- 
bands and stop-bands that could be observed. Figure 1 shows 
partial results of the calculations, while Table 2 lists the stop­
Stop-band
Number
Lower l .im il  of 
Stop-band (kHz,)
Upper Lbnil of 
Stop-band (kHz)
1 144 190
2 3 0 0 3 8 2
3 4 7 0 5 7 2
4 65 0 7 5 8
5 8.^4 9 4 2
6 1 ,0 2 4 1 ,1 1 6
7 1 ,2 1 4 1 ,2 8 0
8 1 .4 0 6 1 ,4 2 8
9 1 ,5 7 2 1 ,5 9 4
10 1 ,7 2 0 1 ,7 8 6
1 I 1 ,8 8 4 1 .9 7 6
(A )
S to p -b a n d
N u m b e r
L o w e r  L im it o f  
S to p -b a n d  (k H z )
U p p e r  L im it  o f  
S to p -b a n d  (kH z)
1 8 3 4 1 ,2 6 0
(B)
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imctcrs between early wood and late wood give rise to a 
range of stop-bands in softwood than in hardwood, 
softwood and hardwood are both predicted to have stop-
s at frequencies in the region of 1 MHz.I rancl>
3, R e s u l t s
1 spciiniental investigation of the possible presence of stop-
I ,^,n^ ls was attempted on specimens of two European softwoods
y.„ts pine and Norway Spruce. A nominal 2MHz ultrasonic 
t luflsduccr (20 mm element diameter) was shock-excited to 
■induce a short (broad band) ultrasonic pulse in the specimens. 
[liL' Signals transmitted through the wood were detected with a
II jnscluccr identical to the transmitter. Coupling of the ultrasonic 
iMiisduccrs to the specimens was achieved by dry coupling,
spectral
Amplitude
2 0 0  r
2 3 4 5 
Frequency (MHz)
A
Spectral
Amplitude
Frequency (MHz)
B
* 2. Frequency spectra transmitted through specimens ol A) Norway
and B) Scots Pine.
with the assistance of a torque wrench to ensure consistent 
coupling pressure. The recorded signals were digitised and 
Fourier transformed to provide the equivalent I'requency spectra. 
A stop-band is identified as a sharp trough in the spectrum of 
the recorded signal.
The results are shown in Figure 2. It can he .seen that the 
Spruce sample (Figure 2A) has a smooth transmission spectrum 
which does not exhibit clear stop-bands. This may be due to the 
fact that the specimen used had wide, irregularly spaced annular 
rings. In contrast the Scots Pine sample (Figure 2b) had quite 
regullr narrow rings (~ 1 mm in width). Tlic narrower rings would 
tend to increase the width of any slop-bands. It can be seen 
that ^erc is clear evidence of a stop-band at frequencies just 
abov| IMHz.
4. Conclusion
As Was ind icated  above, the presence o f stop-bands in 
ultrasonic propagation in the radial direction of wood specimens 
will depend es,scntially on the highly variable parameters of the 
individual specimens investigated. Thus there are many factors 
that can militate against the observation of slop-bands. However 
a regular ring structure can pnxiucc slop-bands and the authors 
believe that this report is the first to provide experimental evidence 
of the potential presence of such stop-bands.
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